Offshore wind farm is a key item in green energy and sustainable development. The Taiwan strait owns the world-class wind farm with average wind speed of 12 m/s and a potential for 3000 hours/year of power generation. Compared to wind turbines on land, the offshore wind turbine provide more stable power and less obstacles as well as less power loss. The potential and advantages of offshore wind farm development in the Taiwan strait has become the aims of the Taiwan government policy from now to 2025. This research will collect the historical climate data (wind and wave) of the Taiwan offshore wind farm in the Chan-hwa county. Combined the productivity loss respected to the installation of wind turbine due to different wind speed effect, as well as the productivity loss respected to the construction of pile foundation due to different wave height effect, this study will build up a total project duration forecast system based on the historical climate data of the offshore wind farm. Even the literature views from the experienced projects in North Europe including UK, Netherland and Spain, the climate uncertainty still plays a significant factor of the total construction duration for offshore wind farm. The results of this research can provide a more scientific and reliable duration forecast for future offshore wind farms construction in Taiwan.
Wind turbine construction projects are normally carried out in an outdoor environment, particularly onshore or offshore with plentiful of wind energy.
Weather can affect construction tasks in various ways [1] [2] [3] . Hence, the construction tasks of wind farm projects are inevitably affected by the presence of wind uncertainty. For example, lifting tasks of wind turbine construction projects are very sensitive to the adverse impact of wind uncertainty, which often leads to significant loss of productivity and, even worse, complete suspension of construction tasks as a result of severe impact of strong wind. Accordingly, wind is a significant weather risk for productivity loss and schedule delay in wind turbine construction projects [4] .
Forecasting the future durations for wind-sensitive tasks in advance is useful for schedule planning in order to avoid the adverse impact of wind uncertainties, which often lead to productivity loss. Accordingly, accurate predictions of future duration for wind-sensitive tasks based on productivity loss are essential to develop an optimal schedule strategy. However, the estimations of productivity loss are usually gathered from professionals' subjective assessments using linguistic descriptions such as "the productivity loss of lifting task is about 40% in fresh breeze condition" which are innately imprecise or fuzzy. On the other hand, wind speed data affecting productivity are numerical. Accordingly, information with regard to the impact of wind uncertainties on productivity loss is a mixture of fuzzy data and crisp data. In order to assess the impact of wind uncertainties which are linguistic, vagueness, and subjective in nature, fuzzy sets-based technique can be utilized [5] .
With the assistance of professional expertise, the incorporation of fuzzy-set approach, as well as the utilization of historical wind speed data, this research presents a fuzzy duration forecast model for wind turbine construction project subject to the impact of wind uncertainties. An appropriate duration for each wind-sensitive task based on no-wind condition can be assigned based on a rule of thumb; afterwards, the forecasted duration subject to the impact of wind uncertainties can be derived by the proposed model. An application example using this model to forecast the duration of wind-sensitive tasks is presented using actual wind speed data from Taiwan. This model is easier to follow and simpler to apply. By employing this approach, the duration can be more accurately predicted even though without much relevant working experience provided
Analysis of Measured Wind Data
Since no wind events can be accurately forecasted, instead of experiences and judgments, historical wind speed data become mandatory parameters in devel- 
Fuzzy Duration Forecast Model

Identification of Wind-Sensitive Tasks
Although wind is a significant weather risk for project scheduling, there is only limited understanding of how wind may affect wind turbine construction projects. In order to develop the fuzzy duration forecast model for wind turbine construction project subject to the impact of wind uncertainty, the first step is to identify wind-sensitive tasks. Through site visits and work breakdown structure Run & 96-hr Trial Operation. In addition, the task of "Erection of Tower of
Wind Turbine" takes place within a few days and involves three steps. First, the lower, middle, and upper tower segments are delivered and are assembled respectively by using two heavy cranes, one used to lift and the other used to keep steady. Secondly, the nacelle, which houses the electrical generator, is mounted on top of the tower. Thirdly, the three rotor blades are connected to the hub, which is then lifted by cranes and connected to the nacelle. Table 2 
Empirical Productivity Loss for Wind-Sensitive Tasks
Different wind-sensitive tasks of wind turbine construction project subject to different levels of wind often result in different productivity losses. The productivity S.-J. Guo World Journal of Engineering and Technology loss is expressed in percentage in this research. In the no-wind scenario, the productivity loss is 0% and the task can be fully in progress on schedule. In comparison, 50% of productivity loss represents that only half the task can be progressing on the same schedule. In order to quantify the impact of different levels of wind in terms of productivity loss on wind-sensitive tasks, professional expertise and opinion should be investigated. Hence, surveys of 50 questionnaires have been administered to 50 experienced designers, site engineers, and supervisors who had extensive experience of over five years involving several various wind turbine construction projects. The questionnaire results in terms of empirical productivity loss (EPL) were then reviewed and summarized to the final consequences of the survey by combining the variations among individual responses. A typical result is shown in Table 3 . According to the survey results in Table 3 , the empirical productivity loss (EPL) of task of Lifting & Installing Lower Tower subject to the impact of various levels of wind can be expressed as an 8 × 1 matrix as Equation (1) . Similarly, the empirical productivity loss (EPL) of other wind-sensitive tasks can also be expressed as the same matrix form.
Fuzzy Set Approach
Instead of crisp data of wind speed, questionnaire respondents recognize various wind levels as described linguistically, such as calm, light air, light breeze, gentle breeze, moderate breeze, fresh breeze, strong breeze, and near gale, as well as expressed qualitatively, such as smoke rises vertically or dust and loose paper raised. For instance, the term "Calm" implies that smoke rises vertically and the S.-J. Guo World Journal of Engineering and Technology term "near gale" implies whole trees in motion and effort needed to walk against the wind as shown in Table 1 and Beaufort 6 (strong breeze), respectively. Hence, based on the above mentioned principles, trapezoidal fuzzy membership functions u(x) are developed herein to relate the exact amount of wind speed to fuzzy descriptions of different levels of wind, as illustrated in Figure 1 . They overlap to account for the uncertainty on the boundaries. As shown in Figure 1 , the fuzzy set W of wind can be defined as a 1 × 8 matrix as Equation (11). For instance, given hourly mean wind speed of 8.31 m/s, the fuzzy set W of wind can be obtained as in Equation (2). [ ]
Thus, the membership values, or the degree of belong to the Beaufort scale of wind, for moderate breeze and fresh breeze is 0.2 and 0.8, respectively. Other wind levels are assigned a membership value of 0.
Productivity Loss (PL)
The productivity loss (PL) is the major input for the fuzzy duration forecast model to determine the duration to complete tasks and project. Productivity loss (PL) is usually difficult to precisely estimate because of uncertainties and vague information. Combining the empirical productivity loss (EPL) obtained from questionnaire survey based on each Beaufort scale of wind with the fuzzy set W of wind subjected to a specific hourly mean wind speed, the crisp value of productivity loss (PL) due to a particular wind speed for a specific task can then be calculated as in Equation (3):
In this example, the crisp value of productivity loss (PL) of task of Lifting & Installing Lower Tower subjected to 8.31 m/s of hourly mean wind speed is calculated as in Equation (4).
[ ] 
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Criteria for Task Duration Formulation
Once the productivity loss (PL) is determined, the remaining productivity (RP)
can be calculated as in Equation (5).
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Then the duration of a specific task can be calculated by accumulating the remaining productivity (RP) as in Equation (6). The N is the minimum units to ensure that the summation of remaining productivity (RP) reaches U. In other words, N is the duration to complete the task subjected to the impact of wind.
where (RP i ) = the remaining productivity under the impact of wind; U = the task duration under the no-wind situation; that is, the total productivity required to complete the task under the no-wind situation. N = the task duration subject to the impact of wind.
Model Framework
In this study, the Microsoft Project was employed as the platform to construct In this fuzzy duration forecast model, the height of turbine hub, the location of the construction project as well as the project's starting date must be specified at first. The model is then automatically linked with the related historical wind speed data and transfers them to the wind speed data at the hub height. A selection interface was built into the model for the user to select the year(s) of wind speed data for simulation. This model also contains the results of questionnaire surveys and expert reviews for default input that can be revised by the user for possible modification. Figure 2 displays the framework for fuzzy duration forecast model.
Conclusions
Many wind turbine construction projects will be carried out worldwide in the future for sustainable green energy development. However, wind turbine construction projects significantly suffer from the impact of wind uncertainty which usually results in raising contractor's schedule risks on a calendar-day basis. This study presents a fuzzy duration forecast model to quantify the impact of wind uncertainty in terms of productivity loss (PL) and to forecast the duration for wind-sensitive tasks of wind turbine construction projects subject to the impact of various scales of wind. Based on the results simulated, reasonable durations of wind-sensitive tasks can be assigned. In addition, an actual wind turbine construction project with hypothetical start date in 2008 to 2013 is presented to 
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